We present a search for charged Higgs bosons in decays of pair-produced top quarks using 109. 2 6 5.8 pb 21 of data recorded from pp collisions at p s 1.8 TeV by the D0 detector during 1992 -1996 at the Fermilab Tevatron. No evidence is found for charged Higgs production, and most parts of the ͓M H 1 , tanb͔ parameter space where the decay t ! H 1 b has a branching fraction close to or larger than that for t ! W 1 b are excluded at 95% confidence level. Assuming m t 175 GeV and s͑ pp ! tt ͒ 5.5 pb, for M H 1 60 GeV, we exclude tanb , 0.97 and tanb . 40.9.
[S0031-9007(99)09417-X] PACS numbers: 14.80.Cp, 13.85.Rm, 14.65.Ha The Higgs sector of the standard model (SM) consists of a single complex doublet scalar field responsible for breaking electroweak symmetry and generating gauge boson masses. The simplest extension of the Higgs sector to two complex doublets appears in many theories beyond the SM, including supersymmetry (SUSY). Our study is based on the two-Higgs-doublet model, where one doublet couples to up-type quarks and neutrinos, and the other couples to down-type quarks and charged leptons, as required by SUSY [1] . Under these circumstances, electroweak symmetry breaking leads to five physical [2] . A measurement of the inclusive b ! sg decay rate gives CLEO an indirect limit of M H 1 . 244 1 63͑͞tanb͒
1.3 GeV, assuming only a two-Higgs-doublet extension to the SM [3] . From a measurement of the b ! tnX branching fraction, ALEPH constrains tanb͞M H 1 , 0.52 GeV 21 at 90% C.L. [4] . Based on a search for charged Higgs in decays of pair-produced top quarks using hadronic decays of the t lepton, CDF has published limits in the ͓M H 1 , tanb͔ parameter space for tanb . 5 [5] [7] . Figure 1 shows the region of the ͓M H 1 , tanb͔ plane examined in this analysis. The lower and upper boundaries on tanb (0. 3, 150) 
If the decay mode of t ͑t ͒ is denoted by i ͑ j͒, then the total acceptance for any set of selection criteria is given by
where e i,j is the efficiency for channel ͕i, j͖, and B i B j is the branching fraction. All B i depend strongly on both M H 1 and tanb; e 1,1 depends on neither, and all other e i,j depend on M H 1 , but not on tanb.
A strong dependence of signal characteristics on the parameters of the model makes an appearance search for signal a difficult task. We therefore perform a disappearance search using selection criteria optimized for the SM channel ͕1, 1͖. One expects the efficiencies of these criteria for channels involving t ! H 1 b decays to be substantially different from that for channel ͕1, 1͖. Consequently, if the assumption of B 1 1 leads to a measurement of the top quark pair production cross section s͑tt ͒ in good agreement with theoretical predictions, then those regions of the ͓M H 1 , tanb͔ parameter space, where B i is sufficiently large for any i fi 1 can be excluded. This strategy serves us well for i 2 and 4, but not for i 3.
The D0 detector is described in Ref. [8] . We use the same reconstruction algorithms for jets, muons, and electrons as used in our previous top quark analyses, and the same event selection criteria as for the measurement of s͑tt ͒ in lepton 1 jets final states [9] . These criteria are optimized for tt events, where both top quarks decay to Wb, with one W decaying into en or mn, and the other into a0 pair. The final state in such events is characterized by a high-p T isolated lepton, large missing transverse energy ͑E ͞ T ͒, and four jets. The main sources of the background are W 1 jets events and QCD multijet events with a misidentified lepton and large E ͞ T . Two of the jets in signal events are initiated by b quarks. A b jet can be tagged by a muon contained within the jet (eB ഠ 0.2 per tt event). Since such tagging is unlikely in background events, other requirements can be less restrictive for an event containing a m-tagged jet. This class of m-tagged events is denoted by ᐉ 1 jets͞m. Events without a m-tagged jet, denoted by ᐉ 1 jets, are subject to stricter requirements on kinematics. Details of the selection criteria, summarized in Table I , can be found in Ref. [9] . For m t 175 GeV, the selection efficiency for tt ! W 1 bW 2 b events is ͓3.42 6 0.11͑stat͒ 6 0.55͑syst͔͒%. The jet energy scale, particle identification, and modeling of the signal are the primary sources of systematic uncertainty. The integrated luminosity, the number of observed events, and the expected tt signal [assuming B͑t ! W 1 b͒ 1] and background are given in Table II. The measured values of s͑tt ͒ [9, 10] and m t [11, 12] are based on the assumption of B͑t ! W 1 b͒ 1, and cannot be used in this analysis. Hence, in our search, s͑tt ͒ and m t serve as input parameters. However, for M H 1 , 140 GeV, the method used by D0 to extract m t from tt ! lepton 1 jets events [11] yields the correct value of m t within ϳ5% even when t ! H 1 b decays are allowed. Hence, we choose m t 175 GeV. Production of tt takes place primarily via strong interactions, and the cross section is not affected by the existence of H 6 (assuming no contribution from SUSY processes). Calculations of s͑tt ͒ based on QCD should therefore be reasonable [13] [14] [15] . A special version of ISAJET [16] 
lation of tt events, and a similarly modified version of PYTHIA [17] is used for verification of the efficiencies. For n obs observed events, the joint posterior probability density for M H 1 and tanb is given by
where P͑n obs j m͒, is the Poisson probability of observing n obs events, given a total ͑signal 1 background͒ expectation of
and G represents a Gaussian distribution. The means and widths of the Gaussians for the integrated luminosity L and the number of background events n B are given in Table II , while those for the acceptance A͑M H 1 , tanb͒ are calculated using Eq. (1), with parametrized functions for e i,j , and leading order calculations of B i , B j . Equation (2), which we parametrize as a function of M H 1 and tanb, gives a Bayesian posterior probability density for those parameters [18] . The prior distribution is assumed to be uniform in M H 1 and in log 10 ͑tanb͒. (2) at each step. The predicted probability for observing n obs events, evaluated at M H 1 80 GeV, for different values of tanb, is shown in Fig. 2(a) , while Fig. 2(b) shows the posterior probability density for tanb corresponding to n obs 30, and for M H 1 80 GeV. The 95% C.L. exclusion boundary in the ͓M H 1 , tanb͔ plane is obtained by integrating the probability density P͑M H 1 , tanb j n obs ͒, given by Eq. (2), between contours of constant P. The results, corresponding to m t 175 GeV, are shown in s͑tt ͒ (5.5 pb, with QCD resummation scale set to m t [13] ) yields the most conservative limits. Tighter limits are set for smaller values of s͑tt ͒, such as those given in Refs. [14, 15] . Figure 3 also shows the result of a frequentist analysis of our data wherein a point in the ͓M H 1 , tanb͔ parameter space is excluded if more than 95% of the trials of Eq. (2) at that point yield n obs , 30. Due caution must be exercised in comparing Bayesian and frequentist results since the interpretation of "confidence level" is different between the two. If m t is varied in the range 170 , m t , 180 GeV, then, for s͑tt ͒ 5.0 pb, the excluded region increases with increasing m t by an amount comparable to that from a similar fractional decrease in s͑tt ͒ with m t fixed at 175 GeV.
To summarize, in a search for a charged Higgs boson that considers all of its fermionic decay modes, we find no evidence of a signal in the region of M H 1 , 160 GeV, we improve previous limits in the region of large tanb, and we exclude a significant part of the previously unexplored region of small tanb. Assuming m t 175 GeV and s͑tt ͒ 5.5 pb, tanb , 0.97 and tanb . 40.9 are excluded at 95% C.L. 
